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ABSTRACT
The production of Golgi complexes was investigated in Amoeba proteus by introducing a
nucleus into cells that had been enucleated for 5 days . Golgi complexes were not detected
in 5 day enucleates, nor were they observed in amebae fixed 15 min after renucleation.
Samples taken at longer intervals after the introduction of a nucleus exhibited an increase
in the size and abundance of Golgi complexes . Small curved smooth cisternae, some of
which were aligned in parallel to form small Golgi complexes, were observed 30 min after
the operation . Aggregations of small Golgi complexes increased in number in amebae
fixed 1 to 6 hr after renucleation . Golgi complexes of normal size were present 6 hr after
the operation and became more abundant in samples fixed 12 hr, and 1, 2, and 3 days
after renucleation . The possible participation of the granular endoplasmic reticulum in
the development of Golgi complexes was suggested by two observations . First, the Golgi
complexes in renucleates contained a dense material similar to the content of the endo-
plasmic reticulum in enucleates and early renucleates . Second, examples of continuity
between the endoplasmic reticulum and Golgi cisternae were present in renucleates. The
possibility that Golgi complexes can be produced in the absence of preexisting Golgi com-
plexes is discussed.
INTRODUCTION
Proposed mechanisms for the reproduction of
Golgi complexes include de novo synthesis, for-
mation from other membranous organelles, and
division of preexisting Golgi complexes (Whaley,
1966; Beams and Kessel, 1968) . A system for the
experimental investigation of the production of
Golgi complexes and the testing of these alterna-
tives is provided by enucleation and renucleation
of Amoeba proteus. A previous study of the fate of
cytoplasmic organelles in enucleated amebae has
shown that the maintenance of Golgi complexes
is dependent upon the nucleus (Flickinger, 1968 a).
Golgi complexes decreased in size and were no
longer detectable by electron microscopy 2-3
250
days after the removal of the nucleus . The granu-
lar endoplasmic reticulum, on the other hand,
formed cisternae that were longer and narrower
than those in normal amebae, and these cisternae
appeared to encircle progressively portions of the
cytoplasm. Similar changes were brought about
by treatment of amebae with actinomycin D.
(Flickinger, 1968 b) .
Since Golgi complexes were not detected in
amebae enucleated for longer than 2-3 days, the
possible formation of new Golgi complexes can
be investigated by introducing a new nucleus into
amebae that have been enucleated for longer
than 3 days. Specifically, this system could testwhether Golgi complexes can be produced in the
absence of preexisting Golgi complexes and might
furnish information on the means of their produc-
tion.
The results of this study indicate that Golgi
complexes are not observed in cells enucleated for
5 days, but many Golgi complexes are present
following renucleation. Possible stages in the
formation of Golgi complexes are also described .
MATERIALS AND METHODS
Cultures
Stock cultures of Amoeba Proteus were maintained
in Prescott's medium (Prescott and Carrier, 1964)
with daily feedings of washed Tetrahymena. Amebae
were not fed on the day preceding enucleation .
Enucleation
Enucleated amebae were obtained by cutting
cells into nucleated and enucleated halves . Amebae
were placed in a small Petri dish containing an agar
substrate. Cells attached to the agar and they were
cut into two approximately equal portions with the
sharp tip of a braking pipette. The enucleated parts
were distinguished from the nucleated portions on
the basis of the tendency of the enucleates to round
up, !heir failure to adhere to the substrate, and their
sluggish movements. The enucleates and nucleates
were separated and were maintained in ameba
medium at 21'C without food organisms for 5 days .
Amebae enucleated for 5 days were used for these
experiments, since 5 days is well past the latest time
that we have observed Golgi complexes in enucleates .
The time after enucleation was not extended further
because the decline in the number of surviving enu-
cleates made it difficult to obtain enough cells for an
experiment.
Nuclear Transfer
Enucleated amebae were renucleated by means of
the nuclear transfer technique described by Jeon
(Jeon and Lorch, 1968; Jeon, 1969). Nucleus donor
amebae were removed from stock cultures and were
placed in a suspension of fine carbon particles in
ameba medium. Within about 30 min the amebae
had ingested enough carbon to be visualized readily
under the dissecting microscope. 8 to 10 pairs of
amebae, composed of a carbon-labeled donor cell
and an unlabeled enucleate, were placed in indi-
vidual droplets of ameba medium on a glass slide
coated with 2 mm of agar. The medium was with-
drawn with a braking pipette and the pairs were
oriented perpendicularly to the long edge of thee
slide. Transfer of the nucleus from the donor cell
to the enucleates was accomplished with a probe
controlled by a deFonbrune micromanipulator.
The operation was visualized through a compound
microscope at a magnification of 180 X
The amebae were recovered in the following
manner. A small drop of medium was added to each
pair, and the cells were transferred to a Syracuse
watch glass recovery dish with a braking pipette.
After 10-15 min the pairs separated and the carbon-
labeled donors were discarded. The unlabeled re-
nucleates were maintained in ameba medium at
21'C for varying periods of time before they were
fixed for electron microscopy . Samples were fixed 15
and 30 min; 1, 3, 6, and 12 hr; and 1, 2, and 3 days
after reintroduction of a nucleus .
Binucleated cells were constructed by transferring
the nucleus from one normal ameba to another.
Pairs of amebae from stock cultures were placed on
agar slides and the nucleus was transferred from a
carbon-labeled donor to an unlabeled recipient .
The resulting unlabeled binucleates were fixed for
electron microscopy after intervals varying between
15 min and 3 days as described for renucleates.
Preparation for Electron Microscopy
Amebae were fixed for 1 hr in Karnovsky's glut-
araldehyde-formaldehyde mixture at pH 7 .3. (Kar-
novsky, 1965). Fixation was carried out in a Syracuse
watch glass so that the amebae could be transferred
individually to and from the fixative with a braking
pipette to prevent the loss of any cells. The cells
were then immersed in distilled water for 1-3 days.
In some instances, cells from operations performed
on 2 or 3 consecutive days were combined at this
stage to provide a larger sample . The amebae were
then embedded in a small cube of agar to prevent the
dispersion of the small numbers of cells during sub-
sequent processing. A vertical cylindrical depression
about 1 mm in diameter and 2-3 mm deep was
made in a coat of agar on a glass slide . The amebae
were placed in the depression with a braking pipette .
Excess water was withdrawn, and the cells were
sealed in the depression by adding molten agar to
the surface. A 2 mm cube containing the amebae
was cut from the agar with a razor blade and was
coated with additional agar to ensure its integrity .
The amebae within the cube of agar were post-
fixed for I hr in 1 % Os04 in 0.1 cacodylate buffer
at pH 7.3, rinsed in water, and dehydrated in a
graded series of ethanols followed by propylene
oxide. The specimens were embedded in Araldite .
Silver to pale gold sections were cut with a dia-
mond knife on a Porter-Blum MT-1 microtome. The
sections were mounted on uncoated copper grids and
were stained with lead citrate (Reynolds, 1963) .
Electron micrographs were obtained with a Philips
EM-300 electron microscope operated at 60 kv.
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251RESULTS
Terms Used to Designate Amebae
Unmanipulated amebae are cells taken from our
stock cultures and fixed immediately for electron
microscopy.
Enucleates are the enucleated portions of cut
amebae. In these experiments they were main-
tained for 5 days at 21 °C in the absence of food
organisms.
Renucleates are cells that have been enucleated
(for 5 days) and then supplied with a new nucleus
by the nuclear transfer technique .
Binucleates are normal amebae from stock cul-
tures that have received a second nucleus by
nuclear transfer.
General Summary of the Observations
Golgi complexes were not obserevd in amebae
enucleated for 5 days or in cells fixed very shortly
after renucleation, but many Golgi complexes
appeared at later times. In a series of samples
taken at increasing intervals after renucleation,
the proportion of cells with Golgi complexes and
the number and size of the individual Golgi
complexes increased. The Golgi complexes in
renucleates differed from those of normal un-
manipulated amebae in their relationships to the
granular endoplasmic reticulum and in their
unusual content of dense material .
As a control for possible influence of the nu-
clear transfer operation itself on Golgi complexes,
a second nucleus was transferred into normal
amebae to construct a binucleated cell . No changes
in the size, number, and relationships of the Golgi
complexes were observed in these binucleates .
Unmanipulated Amebae
Normal amebae from stock cultures contain
multiple Golgi complexes (Fig. 1). They are
composed of a stack of 6-8 curved, centrally
flattened cisternae with expanded ends . Small
smooth vesicles and coated vesicles 400 A in
diameter are distributed about the periphery of
the stacks and in some instances are in continuity
with the cisternae. Large vacuoles or expanded
cisternae are occasionally present at the concave
pole of the cisternal stack . The vacuoles and the
expanded ends of the cisternae often contain a
filamentous material that resembles the surface
coat of the ameba. The Golgi complexes range up
to 1 .0 to 1 .5 µ in their lateral extent.
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The granular endoplasmic reticulum consists
primarily of tubules and cisternae of irregular
500 to 2000 A width. In some instances, the
cisternae in one part of the cell are intercon-
nected to form a network cf channels (Fig. 9,
binucleate).
5-Day Enucleates
In this study and a previous one (Flickinger,
1968 a), approximately 50 5-day enucleates
have been sectioned and examined in the elec-
tron microscope and about 100 micrographs have
been obtained of this stage . In no case
Golgi complex observed .
The granular endoplasmic reticulum forms
cisternae that are both longer and narrower than
those seen in unmanipulated cells . The width
of the lumen is narrowed to a relatively constant
250 A, and single cisternae extend through the
cytoplasm for up to 8-10 p. Some cisternae are
relatively straight, but many others are curved
and partially or completely encircle
was a
areas of
The length of the bar in each micrograph is 0 .5 ,u.
FIGURE 1 The Golgi complexes of normal unmanipu-
lated amebae are composed of a stack of 6 to 8 curved,
centrally flattened cisternae with expanded ends .
Smooth vesicles (v) -400 A in diameter are found at
the periphery of the stacks. Vacuoles at the concave
pole and the expanded ends of some cisternae contain a
filamentous material (F) that resembles the ameba
surface coat. X 57,000.FIGURE 2 Many cisternae of the granular endoplasmic reticulum (ER) in enucleated amebae par-
tially or completely encircle areas of cytoplasm . L, lipid droplet: P, bacterium-like intracellular parasite.
5 day enucleate. X 16,000.
FIGURE 3 The granular endoplasmic reticulum in enucleated amebae frequently contains a dense ma-
terial that is displayed to advantage in sections that pass tangential to the surface of a cisterna . In some
regions this dense material displays a striated or rodlike substructure (s), while in other areas it appears
amorphous (a). X 63,000.cytoplasm (Fig. 2). Many of these cisternae
contain a moderately dense material that either
has an amorphous texture or displays a rodlike
or striated appearance (Fig. 3) . This unusual
cisternal morphology and content has not been
seen in unmanipulated cells.
Denucleated Amebae
The number of surviving enucleates declines
throughout the period of enucleation, and there
is an additional mortality during the renucleation
operation. In addition, some cells are lost during
254
FIGURE 4 Part of the cytoplasm of an ameba renucleated for 30 min contains single small curved smooth
cisternae (C) and small Golgi complexes (arrows) composed of stacks of 1-3 similar smooth cisternae.
Regions such as this appear with increasing frequency in ameba fixed 1-6 hr after renucleation . X 37,000.
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preparation for electron microscopy . As a result
of these technical difficulties, it was necessary to
work with samples averaging about 5-10 amebae .
Nevertheless, we were able to accumulate a series
of about 80-90 renucleates that were sectioned,
examined, and photographed.
In samples of amebae fixed at progressively
longer intervals after renucleation, there is an
increase in the number of cells containing Golgi
complexes, in the number of Golgi complexes
per cell, and in the size of individual Golgi com-
plexes. Golgi complexes have not been encoun-tered in amebae fixed 15 min after renucleation .
Most of the cells fixed 30 min after operation also
contain no detectable Golgi membranes, but in
one region of one ameba curved smooth sacs
resembling small Golgi cisternae were present
(Fig. 4). Many of these membranes have a circular
configuration and their identification as Golgi
cisternae is uncertain . In a few instances, how-
ever, smooth cisternae are aligned to form small
stacks of 2-4 cisternae that may represent form-
ing Golgi complexes . The diameter of these cis-
ternae is about 0.4-0.6 y in comparison to the
1 .0-1 .5 µ Golgi cisternae in unmanipulated cells.
In amebae fixed 1-6 hr after renucleation, the
number of similar regions containing stacks of
smooth cisternae identifiable as small Golgi com-
plexes increases (Fig. 5). In 1 hr samples they
are encountered in approximately 50% of the
cells, and in the 3 and 6 hr samples about 75%
of the amebae display these configurations .
The Golgi complexes in samples fixed less than
6 hr after renucleation are smaller than those of
unmanipulated amebae in both size and number
of cisternae. As early as 6 hr after the operation,
however, Golgi complexes are encountered that
are as large as those seen in normal amebae
(Fig. 7) . In samples fixed 1, 2, and 3 days after
renucleation such full-sized Golgi complexes are
encountered with greater frequency. Even at these
later times, however, some smaller Golgi com-
plexes are present. In some cases they are dis-
tributed singly in the cytoplasm, while in other
instances they form aggregations with other mem-
branes of similar size.
Renucleated amebae exhibit unusual relation-
ships between the Golgi complex and the granular
endoplasmic reticulum. Several examples of ap-
parent continuity between a portion of the granu-
lar endoplasmic reticulum and a Golgi cisterna
have been noted. One such micrograph is shown
in Fig. 6. A cisterna of the granular endoplasmic
reticulum with the dense content characteristic
of the granular reticulum in enucleated cells is
present. This cisterna can be traced into the Golgi
complex (arrow 1) where it is narrowed and as-
sumes a curved profile corresponding to the curva-
ture of the other Golgi cisternae. At this point it
is separated from the adjacent Golgi cisternae
by the usual 200 A interspace that separates the
other Golgi cisternae. This cisterna also extends
from the Golgi complex into the cytoplasm (arrow
2) at the side of the stack of Golgi membranes
opposite the point of continuity with the granular
endoplasmic reticulum .
Many of the Golgi complexes in renucleated
cells possess a dense amorphous content (Figs .
5, 6, 7, and 8) that is visualized best in the ex-
panded parts of some cisternae (Fig. 8). The
density of this substance is reminiscent of the
unusual intracisternal content that accumulates
in the lumen of the granular reticulum of enu-
cleates and that persists in the granular reticulum
of renucleates for at least 12-24 hr after renuclea-
tion (Figs. 6 and 7). The material in the granular
endoplasmic reticulum, however, may appear
either amorphous or striated (Fig. 3), perhaps
depending upon the plane of section, but a striated
organization was not seen in the content of any
Golgi complexes.
Binucleates
The Golgi complexes of binucleated cells
(Figs. 9-10) do not differ significantly from those
of unmanipulated cells either in their size, num-
ber, or morphology. They consist of the usual
stacks of 6-8 curved cisternae with associated
vesicles and vacuoles. In some instances, both in
binucleates and unmanipulated cells, the cisternae
and vacuoles appear slightly more dense than the
surrounding cytoplasmic matrix, owing to the
presence of randomly arranged fine filamentous
material within their lumens, but accumulations
of the more dense amorphous material seen in the
Golgi complexes of renucleates are not present.
In unmanipulated amebae and in binucleates,
elements of the endoplasmic reticulum containing
both rough and smooth regions occasionally
make close contact with Golgi cisternae (Fig . 9,
arrow) . They are closely apposed either to the
flat surface of a Golgi cisternae at one pole of the
Golgi complex or to the expanded end of a Golgi
cisterna. In these instances, the side of the ele-
ment of endoplasmic reticulum facing the general
cytoplasm is studded with ribosomes, while the
opposite side directed toward the Golgi cisterna is
devoid of particles. The two cisternae, endoplasmic
reticulum and Golgi, pursue a parallel course
separated by 200 A. These contact configurations
resemble those seen in other cells (Palay and
Palade, 1955 ; Flickinger, 1969). They are dis-
tinguished from the examples of continuity be-
tween the granular endoplasmic reticulum and
the Golgi complex seen only in renucleates on the
basis of the following considerations . First, these
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255FIGURE 5 A portion of cytoplasm of an ameba fixed 6 hr after renucleation contains several Golgi
complexes (G) of varying size composed of stacks of 2-5 cisternae . The Golgi cisternae contain a dense
material similar to the content of the granular endoplasmic reticulum (ER) . Some single cisternae and
small stacks (X) may represent stages in the formation of Golgi complexes . X 45,000.
FIGURE 6 There is continuity between a portion of granular endoplasmic reticulum (ER) and a Golgi
cisterna (arrow 1) in a cell renucleated for 6 hr . This cisterna also extends into the cytoplasm from the
opposite side of the Golgi complex (G) (arrow °2). The Golgi cisternae contain a dense material similar
to the content of the endoplasmic reticulum (d). X 57,000.
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THE JOURNAL OF CELL BIOLOGY . VOLUME 43, 1969FIGURE 7 Full-sized Golgi complexes are present in cells 6 hr after renucleation and increase in number
thereafter. They are -1 .0 µ in their lateral extent and are composed of stacks of 6-8 curved cisternae.
There is a similarity in the dense content of the granular endoplasmic reticulum (ER) and the content
of the Golgi cisternae. X 59,000.
FIGURE 8 The amorphous dense content of Golgi cisternae in renucleates is displayed to advantage in
the expanded portions of some cisternae. 6 hr renucleate . X 68,000.
contacts are located at one pole or around the
periphery of the Golgi complex, and the mem-
branous element studded with ribosomes does not
continue into the midst of a stack of Golgi cis-
ternae as in renucleates . Second, the flattened
parts of these contacting elements in unmanipu-
lated and binucleated amebae are smooth and
apposed to Golgi cisternae on one side but possess
ribosomes on the opposite side, while the flat-
tened cisternae described in renucleates become
smooth and apposed to Golgi cisternae on both
sides.
DISCUSSION
The decline in Golgi complexes in enucleated
amebae and their increase in size and in number
after renucleation provide support for the previous
suggestion (Flickinger, 1968 a) that Golgi com-
plexes are dependent upon the nucleus . Experi-
ments with actinomycin D (Flickinger, 1968 b)
have implicated RNA synthesized in the nucleus in
the maintenance of Golgi complexes . Nevertheless,
the details of the influence of the nucleus on Golgi
complexes are not known. The nuclear contribu-
tion that appears to influence the Golgi complexes
might either act indirectly through general
metabolic changes in the cytoplasm, or it may
have some more direct specific effect on Golgi
complexes.
The apparent absence of Golgi complexes in
5-day enucleates and in the earliest sample after
renucleation followed by their subsequent ap-
pearance suggests the hypothesis that Golgi
complexes can be produced in the absence of
CHARLES J. FLICKINGER Development of Golgi Complexes in Amebae 257FIGURES 9-10 The Golgi complexes (G) of binucleated cells do not differ from those of unmanipulated
cells in size, number or morphology . They are composed of a stack of 6-8 cisternae with associated ves-
icles. Vacuoles at the concave poles and the expanded ends of cisternae contain a filamentous material
(f) that resembles the ameba surface coat (S). The granular endoplasmic reticulum (ER) is represented
by small cisternae and networks of irregular width . In both binucleates and unmanipulated amebae
close contacts between the endoplasmic reticulum and the Golgi complex (arrow, Fig . 9) are occasionally
present. M, mitochondrion. Binucleated cell 6 hr after operation. Fig. 9, X 24,000. Fig. 10, X 42,000 .
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THE JOURNAL OF CELL BIOLOGY • VOLUME 43, 1969preexisting Golgi complexes, and, therefore, that
in this system they do not arise by growth and
division. This does not exclude the possibility
that in normal amebae, under less extreme con-
ditions, reproduction of Golgi complexes by growth
and division might take place. But the observations
do suggest that, at least under certain circum-
stances, Golgi complexes can be produced in the
absence of preexisting copies of the organelle.
This suggestion would have to be amended, how-
ever, if it were likely that Golgi complexes were
transferred inadvertently along with the nucleus,
or if some Golgi complexes persisted undetected
in 5 day enucleates.
There are two reasons for thinking that the
transfer of Golgi complexes along with the nu-
cleus is unlikely. First, previous work (Craig and
Goldstein, 1969) has shown that ribosomes
labelled with H3-amino acids apparently are not
transferred along with the nucleus in detectable
amounts. Golgi complexes are larger than ribo-
somes by several orders of magnitude, and it
seems even less likely that they would be trans-
ferred in significant numbers . Second, if Golgi
complexes were transferred from normal donor
cells, normal appearing full-sized Golgi complexes
would be expected in amebae fixed at the earliest
times after the operation . But no Golgi complexes
were observed in the 15 min sample, and only one
clump of very small Golgi complexes was de-
tected in the 30 min sample. Since the nucleus is
transferred by pushing it through the plasma
membranes of both donor and recipient cells,
perhaps the edges of these membranes serve to
sweep cytoplasm from the surface of the nucleus
and prevent cytoplasmic components from being
carried into the recipient cell .
Since Golgi complexes were not observed in 5
day enucleates and in recently renucleated cells,
there is no indication that they persisted in normal
form through the enucleation period. Even if an
extreme case is imagined, that the procedure
selected in some way for a small fraction of enu-
cleates retaining their Golgi complexes, then
these Golgi complexes should have been apparent
in the earliest samples after renucleation. This
was not the case. It is seldom possible, however,
to demonstrate the absence of any structure with
certainty, especially when the number of cells
that it is practical to examine is limited by tech-
nical considerations as described above.
The possibility cannot be excluded that some
Golgi membranes may have persisted in an altered
form, since the only way that Golgi complexes
were assayed was to search for their characteristic
configuration of smooth membranes in the elec-
tron microscope. For example, if Golgi cisternae
were separated from one another and dispersed
throughout the cytoplasm, they might have
escaped identification as Golgi membranes. It is
possible then that some Golgi membranes could
have been reutilized in the formation of Golgi
complexes in renucleates, but it seems less likely
that entire Golgi complexes per se persisted through-
out these experiments.
In any event, the initial stage in the regenera-
tion of a normal complement of Golgi complexes
is the appearance of small curved smooth cisternae
within 30 min to 1 hr after renucleation. The
presence of aggregates of these small cisternae in
some regions may indicate that certain parts of
the cytoplasm are more favorable for the genera-
tion of Golgi complexes than others, but no in-
formation has been obtained as to any special
characteristics of these regions. The number of
small cisternae aligned in parallel to form stacks
identifiable as Golgi complexes increased with
time after renucleation. This may be due to the
progressive alignment of single cisternae, as ap-
pears to be the case in the formation of Golgi
complexes in conjugating Tetrahymena (Elliott
and Zieg, 1968) .
The Golgi complexes observed during the first
few hours after renucleation are only a fraction of
the size of normal Golgi complexes . Since subse-
quent increases were observed both in the size
and number of Golgi complexes, membrane is
required not only to form the initial small cis-
ternae, but also to support the development of
the Golgi complexes during the next 6-24 hr
after renucleation . The source of the Golgi mem-
branes cannot be identified with certainty on the
basis of these observations, but there are some
indications that the granular endoplasmic re-
ticulum may participate in the process. First, an
unusual feature of many Golgi complexes in
renucleates is the presence of a dense content
that resembles .that found in the lumen of the
granular endoplasmic reticulum of enucleated
and recently renucleated cells. Second, direct
continuity between the granular reticulum and
Golgi cisternae was observed in some renucleates .
This continuity was not seen in unmanipulated
amebae or in binucleates, nor is it a general
feature of other cells (Fawcett, 1965) .
The observations of Grimstone (1959) on the
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259flagellate Trichonympha show many similarities
to the present study and also implicate the granu-
lar endoplasmic reticulum in the regeneration of
Golgi complexes. Starvation resulted in a decline
in the size of Golgi complexes (parabasal bodies),
and in some cases only a few vesicles remained .
Refeeding was followed by a regeneration of
Golgi saccules. It was suggested that the granular
endoplasmic reticulum was involved in the forma-
tion of new Golgi cisternae on the basis of the
following considerations . First, there were close
positional relationships and possible continuity
between the granular reticulum and Golgi sac-
cules. Second, in the sequence of reappearance
of cytoplasmic membranes after refeeding, the
appearance of Golgi membranes followed the
regeneration of the granular endoplasmic reticu-
lum.
Membranes derived from the granular endo-
plasmic reticulum may also be important in the
maintenance of existing Golgi complexes in a
variety of cells. It has been proposed that mem-
branous cisternae move through the Golgi com-
plex from a "forming" face to a "mature" face
(e.g., Grimstone, 1959; Essner and Novikoff,, 1962 ;
Mollenhauer and Whaley, 1963 ; Novikoff and
Shin, 1964; Neutra and Leblond, 1966a; Mollen-
hauer and Morre, 1966; Grove et al., 1968).
This concept of the Golgi complex as an organelle
in a dynamic steady state requires the input of
membrane at the forming face to balance that
lost from the mature face. The transfer of mem-
brane from the granular endoplasmic reticulum
to the Golgi complex in a discontinuous manner
appears to be a common phenomenon, often
related to the transport of secretory protein .
Small agranular vesicles bud from the endoplasmic
reticulum and migrate to the Golgi region where
they fuse with Golgi cisternae at the forming
face (Sjostrand and Hanzon, 1954; Grimstone,
1959; Essner and Novikoff, 1962; Zeigel and
Dalton, 1962; Novikoff and Shin, 1964; Whaley
et al., 1964; Friend, 1965; Jamieson and Palade,
1967) . Membrane derived from the endoplasmic
reticulum in this way may replenish membrane
lost from the Golgi complex in various forms,
such as the membrane delimiting secretory
granules. Neutra and Leblond (1966a) have
estimated that in colonic goblet cells the entire
Golgi complex turns over within 20 to 40 min and
that individual cisternae are released once every
2 to 4 min. If ameba Golgi complexes also turn
over, perhaps they decline in size and number
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after enucleation because the normal input of
membrane fails in the absence of the nucleus,
while the loss of cisternae continues.
The means of reproduction of Golgi complexes
in other cell types has been the subject of contro-
versy. A discussion of the problem may be found in
reviews by Whaley (1966) and by Beams and Kessel
(1968). Another review of the extensive literature
on the subject is beyond the scope of this paper,
except to note that claims may be found for all
of the following mechanisms : de novo synthesis;
formation from other membranous cell organelles ;
and duplication by growth and division of pre-
existing Golgi complexes . Whaley (1966) main-
tains that much of the confusion is due to the
difficulties of interpreting the dynamic relation-
ship between structures on the basis of static
micrographs. It is for this reason that we have
found the study of enucleated and renucleated
amebae appealing. The different stages that have
been studied can be related readily to one another
because they occur as a function of time in a
system that is undergoing changes in its popula-
tion of Golgi complexes .
The observations of Daniels (1964) on the Golgi
complexes of the multinucleated giant ameba,
Pelomyxa illinoisensis, deserve comment because
of the close relationship of this organism to Amoeba
proteus. Since Golgi complexes in Pelomyxa con-
tain a filamentous material resembling both the
surface coat and the content of certain cytoplasmic
vesicles, it was proposed that Golgi complexes are
formed from pinocytotic vesicles . In the present
study, filamentous material similar to the surface
coat was present in the Golgi complexes of un-
manipulated Amoeba Proteus, but the forming Golgi
complexes of renucleates contained a material
more closely resembling the content of the endo-
plasmic reticulum.
The presence of filamentous material in normal
ameba Golgi complexes could be accounted for
in a way other than by the incorporation of
pinocytotic vesicles into the Golgi complex . Per
haps the surface coat of amebae is formed in the
Golgi complex and vesicles containing coat
material detach from it and migrate to the cell
surface. This hypothesis is supported by the ob-
servation that if amebae are induced to pinocy-
tose ferritin, the electron-opaque tracer appears
in some vesicles and in food vacuoles, but not in
the Golgi complex (Wise, G. and C. J. Flickinger,
unpublished data, in preparation) . Furthermore,
this explanation is consistent with morphologicaland radioautographic studies on other cell types
that have implicated the Golgi complex in the
production of a variety of extracellular polysac-
charide-rich materials such as mucus, cartilage
matrix, the surface coat of intestinal epithelial
cells (Neutra and Leblond, 1966a, 1966b), and
the scales of certain flagellates (Manton, 1966,
1967) . Perhaps electron microscope radioau-
tography of amebae will resolve this problem of
the relationship between the Golgi complex and
the surface coat.
Ord (1968) has studied the viability and be-
havior of amebae renucleated at different times
after enucleation . Following renucleation there
was a period of inactivity before the cells either
died or resumed feeding, growth and division .
This inactive period was proportional to the time
between enucleation and renucleation and in the
case of 5 day enucleates inactivity persisted for
about 4 days. The present study suggests that one
explanation for the existence of an inactive period
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